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CHAPTER I 
INTRODUCTION 
AND 
STATEMENT OF THE PROBLEM 
The composition of human saliva is quite variable. 
Compositional changes are related to many factors, among 
them being the rate of secretion. Stimulation of the 
salivary glands influences the secretory rate of saliva. 
It is known that stimulated salivary glands produce 
saliva that differs in composition from resting gland saliva. 
The salivary level of potassium is relatively high and that 
of sodium and calcium relatively low, when compared to that 
normally found in extracellular fluids. 
Knowing the facts related above, there are several 
questions that need to be answered. Does the method used to 
obtain the saliva cause variations in salivary composition? 
What effects do variations in the rate of mastication have 
on the salivary composition? Does the duration of gland 
stimulation affect the concentration of salivary constituents? 
1 
Statement of the Problem 
It is the purpose of this investigation to deter-
mine whether the rate of mastication has any influence on 
the concentration of sodium, potassium, and calcium as well 
as on the rate of secretion and changes in hydrogen-ion in 
the saliva of human subjects. 
&t _, ... 
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CHAPTER II 
REVIEW OF THE LITERATURE 
. 
Salivary Glands Classification 
~ 
The salivary glands of the human are compound mer-
ocrine glands. There are three pairs of large glands usually 
classified as major salivary glands. They are the parotid, 
the submandibular, and sublingual glands. Other nwnerous 
small glands are present and are widely distributed in the 
mucosa and submucosa of the oral cavity. Those are known 
as minor salivary glands. 
The classification of glands, initially proposed 
by Heidenhain, was according to the nature of the substances 
that the secretory cells produce. According to that class-
ification the three types are:" mucous, serous, or mixed 
salivary glands. The mucous glands produce a watery secre-
tion containing mucin. The serous glands produce a watery 
secretion that is relatively free of mucin. Finally, the 
mixed glands consist of both mucous and serous cells and pro-
N 
duce a mixed secretion. (Sicher, 1962) 
The parotid glands of the adult human produces 
purely serous saliva. ~he submandibular gland and parotid 
p 
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gland of the newborn human contain only a few mucous cells. 
Glands that are mainly mucous-producing include the labial glands 
small buccal glands, anterior lingual glands and the sublingual 
glands. In man, pure mucous salivary glands are found at the 
base and border of the tongue, the glossopalatine glands, and 
the palatine glands. 
Salivary Gland Structure 
The general framework organization of salivary 
glands is similar to other exocrine glands. There are three 
types of structures: the secretory cells, the ducts, and the 
connective tissue. The secretory cells are located in the 
terminal part of the gland structures. A complex duct system 
-is formed, progressing from small ducts to large ones. The 
smallest ducts connect with secretory cells. The connective 
tissue forms a capsule for the gland, and extends to divide 
the gland into lobes and lobules. (Sicher, 1962) 
Histologically, the salivary glands are made up 
of acini, a tubule system, and excretory ducts. The acinar 
cells are large polygonal cells arranged in alveolar form. 
(Burgen, 1961) These cells lie on a basement membrane sep-
< 
arating them from the capillary bed. The basal side of the 
pt 
acin~r cells have numerous infoldings which gives the cell 
a greatly increased surface area. (Jenkins, 1966l Mucous 
cells contain angular-shaped nuclei, located near the base 
of. the cell. The cytoplasm contains only a small amount of 
5 '. 
basophilic material. Serous cells have round nuclei located 
in the basal 1/3 of the cell. These nuclei are flattened 
prior to secretion. The basal part of the cytoplasm contains 
basophilic material called ergastroplasm. Rod-shaped mit-
. 
ochondria are also located in the base of the cell. The 
~. 
Golgi apparatus is located above the nucleus. When the cell 
is stimulated to secrete, the number of secretion granules 
decreases and the mitochondria and Golgi apparatus increase 
in size. Then too, the nucleus increases in size and moves 
away from the base of the cell. (Sicher, 1962) 
I The acinar cells lead into intercalated ducts. These 
ducts are lined by small cuboidal cells almost filled by a 
large nucleus. There is only a small amount of cytoplasm, with 
no striations and very few granules. The intercalated ducts 
connect the acini with the striated ducts. (Burgen, 1961) 
The striated ducts are lined by a single layer of 
tall columnar epithium. They are dense-looking cells with 
striations in the basal 1/3 and a centrally placed nucleus. 
The basement membrane is often prominant. 
The striated ducts empty into larger excretory ducts 
which are lined by a pseudostratif ied columnar epithelium. 
These ducts have a rich vascular system. The main excretory 
duct of the parotid gland is Stenson's duct. It opens into 
the oral cavity opposite the maxillary second molar teeth. 
Wharton's duct is the main duct of the submandibular gland 
and opens into the mouth beneath the tongue. The sublingual 
gland has several openings into the oral cavity at the side 
of the f renulum of the tongue. 
Salivary Secretory Mechanisms 
Acinar Cells Secretion 
The participation of various cells of the salivary 
gland in the formation of saliva has been studied extensively. 
It is generally believed that the acinar cells contribute 
most of the salivary constituents. The constituents are 
formed from precursors which are stored in the secretory 
granules that are formed within the cell. (Rutberg, 1961) 
Jenkins (1966) states that the acinar cells have 
infoldings on the basal side, providing greater surface area. 
This presumably facilitates the uptake of water and other 
7 
substances from tissue fluid. Mitochondria are sometimes as-
sociated with these infoldings. In the cell, the endoplasmic 
reticulum is associated with the synthesis of protein. It is 
probable that the newly synthesized protein molecules are 
transported to the Golgi apparatus, which then converts them 
into secretion granules. The mechanisms active in the ex-
trusion of the contents of secretory granules involve their 
fusion with miciovilli of the inner secreting surf ace of the 
cell. The membrane ruptures and allows the products of the 
granule to escape. 
Burgen and Seeman {1958) studied salivary glands of 
dogs and concluded that the primary secretory event is the 
extrusion of potassium and accompanying anions into the acini. 
Water follows the ions passively. 
Thaysen, Thorn, and Schwartz {1954) stated that 
sodium and potassium are both secreted from the acini in a 
rate proportional to salivary flow but that sodium is partly 
reabsorbed by the ducts. The acinar primary secretion was 
described as plasmalike, but with reabsorption of sodium 
chloride and with only small amounts of water, the final sal-
iva is hypotonic. 
Young and Schagel {1966) in micropuncture studies 
8 
on rat salivary glands, showed that the composition of the 
primary secretion was directly related to the concentrations 
of sodium, chloride, and potassium in blood. It was shown 
that the concentration of these ions in saliva were nearly 
the same as those in the plasma. The composition of the 
primary secretion was found to be independent of the secretory 
rate. They reasoned that it was possible to calculate the 
amount and direction of net electrolyte transport in the duct 
system from the concentration of electrolytes in the final 
salivary secretion. This is possible if it is assumed that 
the acini are the only place where net secretion of water 
takes place. 
Salivary Ducts and Secretion 
Of the three types, the striated ducts are most 
likely to be involved in modifying the composition of saliva 
produced by the parotid and submandibular glands. There are 
only a few scattered striated cells along the duct in the 
sublingual gland. The sublingual gland produces saliva which 
is isotonic with blood plasma. The parotid and submandibular 
glands produce hypotonic saliva, having an osmotic pressure low-
er than blood plasma. It is assumed that the striated ducts are 
concerned with the absorption of sodium or chloride, thus 
lowering osmotic pressure. (Jenkins, 1966) 
A study of changes in salivary composition as it 
passes through the secretory ducts was described by Burgen 
and Seeman (1966). Using radioactive potassium and sodium 
9 
in dogs, they showed that these materials were exchanged with 
those in blood after acinar secretion. Their conclusion was 
that the exchanges take place between the saliva in the ducts 
and the blood in the capillaries. The blood in the capillary 
system around the ducts flows in a direction counter to that 
of saliva. Potassium is reabsorbed in the ducts and is only 
partly replaced by sodium ions diffusing in from the plasma. 
Potassium is recycled to the acini by the portal system of 
the tubule. 
Burgen (1961) stated that the capillary plexus 
around the acini is not very dense as compared with the rich 
vascularization of the ducts. He noted that in the rodent, the 
ducts are a more prominant feature of gland histology than are 
the acini. The term tubule, instead of duct would be rrore 
descriptive because these structures are probably as important 
in the secretory process as are the acini. They also seem to 
be analagolls to the convoluted tubule of the kidney. 
,,.--_______________________________________ __, 
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Stimulation and Excretion 
Several authors have studied the effects of various 
methods of stimulation on the concentrations of sodium, potas-
sium, and calcium in saliva. Shannon (1958) studied 688 
young adults. Samples of whole saliva were collected without 
exogenous stimulation. The subjects were instructed in oral 
rrovements such as lingual excursions and cheek-pursing to in-
crease salivary flow. Sodium and potassium determinations 
were made by flame photometery and a spectrophotometer. The 
results of that study showed significant differences in mean 
volumes produced by males and females; furtherm:>re, there was 
no significant difference attributable to differences in age 
for volume, sodium, and potassium concentrations in salivas 
from males. 
Whole human stimulated gland saliva was collected on 
29 male subjects on three different days at intervals of one 
week (Shannon, 1962). The subjects were between the ages of 
17-22 years. Stimulation was by chewing three large rubber 
bands. Saliva was collected from each subject for five-min-
ute periods, at intervals of 2 hours from SAM to 9PM. The re-
sult showed that no significant differences were found in the 
mean volumes, sodium or potassium concentrations, during the 
three days of study. Significant differences (P 0.01) were 
found in mean values for volume, sodium, and potassium concen-
trations at various times of the day. A true, definitely 
predictable diurnal pattern was not found. Changes that did 
take place during the day did not follow the same pattern each 
day. Some of the responses that were noted include the fact 
that volume levels showed an increase after meals, the lowest 
rate of flow is immediately upon awakening, and sodium levels 
were much higher in earliest samples. 
Pawan (1955) studied saliva specimens obtained by 
the standard technique of Frawley and Thorn. Sodium and 
potassium were estimated by flame photometry. They found a 
marked diurnal variation in Na/K ratio in human adults. 
Highest values were found in the morning on awakening, minimum 
at mid-day, and rising again slowly during the afternoon and 
rapidly in the evening. The Na/K ratio varied with the rate 
of salivary flow, but fairly reproducible rates of flow and 
ratios in each subject were obtained when the specimens were 
collected at the same time of day. 
Brown and Klotz ( 1937) found that three groups of 
subjects produced saliva at widely varying rates, that sodium 
concentration was the most variable when they considered sodium 
12. 
potassium, and calcium levels. Sodium was three times as 
concentrated in high saliva volume producing groups as in low 
volume producing groups. The value for calcium concentration 
in~reased only slightly while that for potassium decreased 
slightly with the increase in secretory rate. They concluded 
that high saliva volume producing groups apparently tend to 
maintain their osmotic relationships at the expense of sodium-
chloride from the blood. 
In 1953 Dreizen conducted a study using 80 human 
adults. When he analyzed paraffin stimulated gland saliva, he 
found the mean sodium contents and buff er capacities to be 
directly related to the rate of salivary flow. However, the 
mean potassium concentration was fairly constant regardless 
of saliva volume obtained per period of time. This suggested 
that the increase in buffer capacity of stimulated saliva was 
due to the increased secretion of sodium and bicarbonate by 
the salivary glands, in response to stimulation. These 
observations substantiate Heidenhain's original findings that 
the total concentration of inorganic salts in saliva increases 
as the rate of secretion is increased. 
Of the extracellular components of blood, both 
sodium and bicarbonates are present in forms that may pass 
13· 
readily into the salivary glands to contribute to the formation 
of human saliva. By comparison potassium, phosphates, and 
proteins are primarily intracellular constituents. They seem 
to. be substances which were stored in secretory cells and are 
then converted into diffusible forms. The greater concentra-
tion of sodium and bicarbonate in saliva specimens obtained by 
stimulating the gland, as compared with those obtained from 
nonstimulated ones may be the result of the differences between 
the secretory and excretory functions of the salivary gland. 
When salivary flow resulting from stimulation of the 
gland is studied, the "resting" gland saliva must also be 
observed for comparison. Wach (1936) found that the "resting" 
gland saliva was subject to large variations in composition 
among different subjects and within the same subject. 
White (1955) analyzed whole mixed saliva. He felt 
that most methods of collecting human saliva were somewhat 
arbitrary but are satisfactory if they yield a reproducible 
salivary composition and providing the experimental stimulus is 
not inhibited by the nature of the collecting method. White 
collected 30 ml. of saliva in the m6rning, from each of 73 
fasting human subjects who chewed paraffin for 15-20 minutes. 
Results of the study showed no highly significant effect of 
the rate of flow on the concentration of sodium and potassium 
in the saliva so produced. 
.. 
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Hydrogen Ion Concentration 
The hydrogen ion concentration of saliva has been 
measured by several investigators. It is known the saliva 
loses co 2 after collection. The pH of saliva will rise unless 
collected under oil. Centrifugation, furthermore, will result 
in increased pH values. 
Starr (1922) studied the effects of centrifugation 
on saliva. He found that it resulted in a loss of co2 and 
a higher pH. The change in pH was greater in saliva exposed 
to air than in that protected by oil. 
Brown and Klotz (1934) collected saliva samples 
using paraffin chewing to stimulate the glands. They com-
pared low, medium, and high volume producing groups. There 
were no significant differences in pH among the groups. The 
values were higher than usual because the specimens were cen-
trifuged nefore analysis and also were allowed to stand ex-
posed to air. Grossman (1937) designed an apparatus having 
a closed system in order to collect saliva which was prevented 
from being exposed to air. 
The effect of gland stimulation on the hydrogen ion 
content. of saliva was investigated. Anderson (1949) found a 
' 
significant loss of co 2 from unstimulated gland saliva after 
periods of exposure to air as little as one minute; however, 
there was no significant loss of co2 from stimulated saliva 
15 
after six minutes. The possibility was considered that a 
higher content of carbonic anhydrase might be present in un-
stimulated than in stimulated saliva. Rapp (1946) had de-
monstrated the presence of carbonic anhydrase in human saliva. 
That enzyme facilitates the conversion of bicarbonate to co2 
with its subsequent loss. 
Champion (1932) studied saliva co~lected under oil 
and found that any masticatory movement of the jaws always 
produced a rise in the pH of saliva. 
Krasnow ( 1932), McClellan ( 192 2), and Hildes and 
Ferguson (1955) found that pH of human saliva increased with 
stimulation of the glands. 
Normal or mean values of salivary pH have been 
determined by several investigators. Starr (1922) found that 
saliva from 228 normal subjects had a mean resting pH of 6.60. 
the pH of 86% of the samples ranged between 6.35 to 6.85. 
Afonsky (1961) cites the average pH of unstimulated 
gland saliva as 6.7 with a range of 5.5 -7.5. 
Grossman and Brinkman (1937) reviewed several surveys 
of pH determination of saliva. The four surveys of electro-
metrically analyzed saliva had pH values between 6.6 and7.0. 
Schmidt - Nielson (1946) found the pH of resting 
parotid saliva to average 5.81 (range 5.45 - 6.06} and sub-
maxillary saliva at 6.37 (range 6.00 - 7.14}. On activating 
the parotid gland, the maximum pH of saliva was 7.80. 
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Eisenbrandt (1944) in 1552 tests found the average pH 
of unstimulated saliva to be 6.64 with a standard deviation of 
0.25. 
Variations in pH during the day were found by Brawley 
(19-35) to be higher before and during meals. Jenkins (1961) 
said that most investigators agree that the pH of saliva varies 
throughout the day and this is probably controlled by the rate 
of salivary flow. During sleep the pH falls, presumably be-
cause the rate of flow is almost zero. 
Sodium and Potassium 
The effect of stimulation on the nature of the sec-
retion of saliva has been studied by several investigators. 
Burgen (1961) said that sodium concentration is highly de-
pendant on the rate of salivary flow. This was seen for glands 
producing hypotonic saliva. At low flow rates, the sodium 
concentration may be as low as 1 - 5 meq/l. It rises to 100 
meq/l at high rates of secretion. The dependence of salivary 
sodium concentration on the flow rate makes it impossible to 
give any narrow normal range for concentration of that consti-
tuent. 
In 1937 Brown and Klotz found that the average 
values for sodium concentration in stimulated gland saliva 
were higher in fast-secreting then in slow-secreting salivas 
(77.2 and 27.7 mg. percent respectively). 
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Dreizen (1953) determined sodium concentrations in 
stimulated and unstimulated gland saliva. The sodium concen-
tration increased with the increased rate of secretion. The 
sodium concentration of unstimulated gland saliva was from 3 -
23 mEq/l while stimulated gland saliva ranged 14 - 87 mEq/l. 
Shannon (1958) found that the concentration of sodium 
in human whole saliva increased as the rate of secretion in-
creased. On the other hand, the potassium concentration was 
largely independent of the secretory rate. Thayson, Thorn, 
and Schwartz (1954) noted similar responses in human parotid 
saliva. 
White (1955) analyzed whole mixed saliva. The mean 
salivary concentration of sodium was 26.4 ± 11.8 mEq/l and 
that of potassium was 19.7 + 3.9 mEq/l. They found that there 
did not appear to be a highly significant effect by rate of 
flow on sodium and potassium concentration. 
Burgen (1956) examined the potassium secretion of 
dog parotid and submaxillary glands. He found that in no 
case was the potassium concentration independent of flow rate. 
The concentration of potassium in the saliva secreted from a 
previously inactive gland has an initial transient phase. This 
changes into a lower steady level as secretion proceeds. 
Dawes (1969) studied the effect of flow rate and the 
duration of stimulation in human parotid saliva. The flow 
rate was held constant for 15 minutes at 0.25, 0.50, and 
1.00 ml./minute. The concentrations of sodium and potassium 
became constant after 1-2 minutes of stimulation. The mean 
sodium concentration in unstimulated parotid saliva was 
1.3 mM + 1.5 and increased to higher levels at greater flow 
rate. After three minutes of stimulation, sodium concentration 
was not significantly affected by further stimulation at any 
of the three flow rates. The mean potassium concentration in 
unstimulated gland saliva was 24 mM + 6.5. Upon gland stimu-
lation the potassium concentration fell rapidly but within 
three minutes reached a constant value. 
In 1967 Arwell conducted a study on several ions in 
saliva. Rest and stimulated gland mixed saliva gland samples 
were collected. Concentrations of sodium in the stimulated 
gland saliva were significantly greater than the resting gland 
saliva. 
Calcium 
Brawley and Sedwich (1938) reviewed the results of 
several studies on calcium content of saliva. The average 
calcium content of unstimulated and stumulated gland saliva 
was 8.92 and 6.92 mg per cent, respectively. 
Becks (1943) found the mean calcium content of un-
stimulated gland saliva to be 5.8 mg per cent. Dawes and 
Jenkins (1964) found that the calcium concentration was in-
dependent of flow rate. 
Hubbell and Bunting (1932) observed that at a high 
rate of secretion the calcium concentration of saliva was 
lower than at a low rate of secretion. 
19 
In 1937 Jonsgar studied the effect of paraffin chew-
ing and other methods of stimulation on calcium concentration' 
of saliva. The calcium content in resting gland saliva was 
in a range of 3.3 - 6.9 mg per cent. In stimulated gland 
saliva the concentration was approximately 1 mg per cent lower. 
Windler and Shannon (1967) studied human parotid 
gland flow. Calcium concentration was positively correlated 
with rate of flow. 
____________________________________________________________________ __,,,..._ 
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CHAPTER III 
METHODS AND MATERIALS - EXPERIMENTAL PROCEDURE 
How this Study Differs from Previous Studies 
In previous studies of the relationship of chewing 
rate to pH, sodium, potassium, and calcium concentration, the 
subjects have Been allowed to chew at any ~ate they desired. 
Becks and Wainwright (1941) required each individual 
to chew a one-gram piece of paraffin for eight successive 
periods of 450 chews each. The total collection time aver-
aged 45 minutes. They measured the effects of paraffin stim-
ulation on salivary composition. 
Shannon (58-63) collected whole saliva samples. 
Three large rubber bands were utilized as a mechanical stim-
ulant. The subjects were asked to accumulate and expectorate 
as much saliva in a five-minute period as possible. 
Dawes and Jenkins (1964) used several stimulants 
and collected parotid and submandibular saliva. When using 
mechanical stimulants no control of chewing rates was made. 
Instead, they compared rates of salivary flow and its com-
position. 
' At the start of each collecting session, in this 
study, the subject collected a sample of resting gland saliva. 
This was used to establish th~ current secretion rate and 
composition of resting gland saliva. Immediately following 
this, chewing was begun and samples were taken. The control 
of chewing rates was patterned after that used by Siersma (1971). 
The subject was required to chew in cadence with a metronome, 
at a rate selected by the experimenter. 
Design of the Experiment 
Eleven subjects were used in the experiment. They 
were all students at Loyola University School of Dentistry. 
All were males in their twenties, and in apparent good health. 
Each subject was tested three times with each session at least 
one week after the previous one. The samples were collected 
in the mornings after 9:00 AM. Three saliva samples were 
provided by each subject at each session: a resting gland 
sample and two stimulated gland samples. 
As was the cass in Siersma's study, the method of 
collection was patterned after that of Wainwright and Becks 
(1943): The subject was seated in front of a bench. He rested 
his elbows on the bench and propped his head on his hands. He 
held his head with face tilted somewhat downward so the saliva 
would run to the front of the mouth, thereby lessening the 
urge to swallow and at the same time encouraging maximum 
emptying of the saliva. 
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Saliva was collected into capped pre-weighed, 
numbered bottles, each cnntaining 30 drops of mineral oil to 
prevent the escape of co 2 from the saliva. Each subject was 
asked to empty his mouth by swallowing at the beginning of 
each collection period. Resting gland saliva was spat into 
the bottle at the end of each minute for a total of ten 
minutes. The same procedure was followed for stimulated gland 
samples except that the samples were from two continuous five-
minute periods. 
The bottles with the saliva samples were immediately 
weighed and the volume of saliva in ml. was considered to be 
numerically equal to the weight of saliva in grams. This is 
a valid procedure because the density of the saliva is virtually 
1.00. 
Activated gland saliva was obtained by chewing a 
1.5 gram piece of household paraffin wax. The uniform mass 
eliminated bolus volume is a factor in altering secretion rate. 
The wax had been brought to 37° C by being kept in an incubator 
for a minimum of two hours before each test. This eliminated 
23 
variation in bolus consistancy. Thus the chewing rate was 
the only variable one collection to another. Each subject 
chewed at three different rates. All subjects had an average 
"natural" rate between 70-80 strokes per minute. The three 
rates of chewing strokes used for the controlled chewing rate 
part of the study were fifty, seventy-five, and one hundred 
strokes per minute. These rates were selected to provide a 
slow, medium, and fast rate of chewing, and generally provided 
rates slower as well as faster than the 11 natural 11 rate. 
Siersma (1971} found that over a range of chewing 
rates from 40 to 100 strokes per minute there was some 
correlation between chewing rate and the rate of secretion of 
activated gland saliva. This did not hold true for chewing 
rates over 100 strokes per minute. 
Directly, after the bottles containing the saliva 
samples were weighed, the pH of whole mixed saliva was 
measured and recorded. A Corning Model 10 Expanded Scale pH 
Meter with a Corning Glass Electrode was used to measure the 
pH of each sample. The pH meter was standardized prior to each 
session, using a buffer with a pH of 6.43. The manual temper-
ature compensator was set at 23° C to approximate the tempera-
ture of the saliva being measured. The pH readings were taken 
-
--
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from the expanded scale which records pH values between 5.5 and 
8.5. Several times during each session the meter was rechecked 
with the buffer solution to confirm proper standardization. 
The bottles containing the saliva samples were refrigerated 
immediately after the pH was recorded. The temperature of the 
refrigerator was 4°C. Shannon {1958) had refrigerated his 
saliva samples immediately after collection and later used the 
flame photometer to analyze for sodium and potassium. 
The salivary specimens were centrifuged at 3500 RPM 
for 15 minutes preparatory to analysis for sodium, potassium, 
and calcium. Centrifugation of the samples was used to provide 
a solution clear of mucin and other debris. These materials 
would tend to plug the atomizer of the flame photometer. 
All glassware was washed with hydrochloric acid and 
acetic acid, followed by ten rinses with distilled water before 
use. 
The Coleman Model 21 Flame Photometer was the 
instrument used to measure the sodium, potassium, and calcium 
in the solution. A high intensity flame is produced by burning 
natural gas fuel in combination with an excess of oxygen. A 
transmission filter, interposed between flame and phototube, 
' passes the wave length of a specific metallic constituent 
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while substantia.lly absorbing other wave lengths, thus pre-
venting them from reaching the phototube. The photometer 
output, which represents the relative intensity of the observed 
fl.ame radiation, was measured and indicated on an auxiliary 
instrument, the Coleman Junior II Spectrophotometer. The 
spectrophotometer has a general purpose scale panel which 
converts the photometer output into galvanometer readings of 
0% to 100% transmittance. There is a 0.5% absolute instrument 
error. Transmittance should be between 5% and 90% to eliminate 
as much of that error as possible. 
Analytical procedures for the analysis of biological 
fluids were carefully followed. Standard reagents and working 
reagents were prepared according to instructions provided by 
Coleman Instrument instruction manual. Reagents were stored in 
polyethylene bottles. All dilutions were made with double 
distilled water. 
The following procedures were used to prepare the 
saliva sample for analysis: 
For sodium (1) 1 ml. of saliva was pipetted into a 
50 ml. flask, (2) then 1 ml. of a 1% sterox solution was 
added, (3) double distilled water was added to 50 ml. 
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For potassium: (1) 0.25 ml. of saliva was pipetted 
into 50 ml. flask, (2) then 5 ml. of flame photometer reagent 
8 was added, (3) double distilled water to 50 ml. was added. 
For calcium: ( 1) 1 ml. of the saliva sample was 
pipetted into a 10 ml. flask, ( 2} a solution of flame photometer 
reagent 11 was added to bring the sodium concentration up to 
150 mEq/l, ( 3) 0.25 ml. of 1% sterox solution was pipetted, 
{4) double distilled water to 10 ml. was added. 
Analysis for each cation followed these standard 
procedures. The instruments were standardized using working 
reagents specific for each element to be analyzed. The 
atomizer was flushed, during the procedures, with a 0.02% 
sterox solution. 
The transmittance obtained from flame photometry 
on the spectrophotometer were converted to mEq/l using a 
calibration curve and by multiplying by the correct dilution 
factor. This was necessary because different dilutions were 
used for each cation. Standardized procedures in flame 
photometry are programmed for serum. To convert percent 
transmittance to mEq/l the factor used for potassium was 0.4 
and for calcium was 0.04. The spectrophotometer was standard-
ized so that the 2 mEq/l setting was at 50% transmittance for 
calcium. For potassium the 20 mEq/l setting was a 50% 
transmittance. 
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The conversion from percent transmittance to mEq/l 
for sodium was accomplished by preparing a calibration curve. 
Standardized solutions containing 0.5 mEq/l and 0.8 mEq/l 
sodium were used to plot a straight line graph. The abscissa 
is in mEq/l and the ordinate in percent transmittance. Since 
many sodium values fell at the low end of the spectrophotometer 
reading scale, 1/100, 2/100 and 4/100 dilutions of saliva were 
used. Then spectrophotometer readings could be accurately 
converted to mEq/l. 
Statistical Methods 
The data collected in the experiment were statistic-
ally analyzed in three phases. 
First the means and standard deviations of the 
resting gland saliva values were calculated. Then paired-t 
tests were performed. Rates of mastication were compared to 
one another using the numerical difference between the resting 
gland saliva and the stimulated gland saliva. The paired-! 
analysis was done for the Period I samples and for Period II 
samples. From the t values obtained, a table of probabilities 
was derived to indicate the levels of significance. 
CHAPTER IV 
RESULTS 
In this study a 10-minute sample of resting gland 
saliva was used as a control or base line when changes in 
concentration and volume were determined. Since resting 
saliva values vary from day to day, it was felt that the 
total resting values should not be averaged, but that 
individual base lines be used. 
Absolute values for the various salivary constituents 
varied considerably between subjects. Therefore, to obtain 
an accurate parameter for comparison, the percent difference 
between the stimulated gland saliva samples and the resting 
saliva samples were calculated. This was done by subtracting 
the resting sample value from the stimulated gland sample and 
then calculating the percentage deviation from the resting 
sample. (Table III) Another evaluation was to compare the 
percent changes in Period I and the percent changes in Period 
II. (Table IV) 
These calculations indicate that the sodium 
concentration and volume of saliva tended to increase as the 
masticatory rate increased. Potassium concentrations 
28 .._ ________________________________________ __, ____________________________ , __ 
.... 
generally decreased and calcium concentrations were stable 
as the masticatory rate increased. 
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To visualize the data, scattergrams were prepared. 
The difference between the Period I sample and the resting 
gland sample was calculated in percent values. The same 
calculations were done with Period II samples and the 
resting gland sample. {Figure 1) 
The differences in the percent change between 
Period I and Period II are presented. (Figure 2) These 
scattergrams illustrate that definite changes in ion 
concentration and volume occur with mastication. The 
sodium, potassium, and calcium concentrations as well as 
volume levels all tend to decrease during Period II as 
compared to Period I. 
In this thesis, the 0 - 5 minute saliva sample was 
Period I7 the 5 - 10 minute saliva sample was Period II. 
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MASTICATORY RATES 
50 
H 
H H 
'O 'O 
0 0 
JJ 
"" "" Ol M M Q) Q.l Q) 
~ Ill Ill 
1 7.25 7.41 7.47 
2 7.00 7.40 7.56 
3 6.57 6.80 6.98 
4 5.90 6.98 7.10 
5 7.38 7.67 7.69 
6 7.22 7.40 7.53 
7 6.65 7.27 7.45 
8 6 .;'75 7.23 7.46 
9 7.10 7.28 7.39 
10 6.96 7.58 7.76 
11 5.90 6.32 6.39 
Low 5.90 6.32 6.18 
High 7.38 7.67 7.76 
75 
H 
H H 
'O 'O. 
0 0 
JJ ·rf ·rf 
Ol M M 
Q) Q) Q) 
~ Ill Ill 
7.21 7.52 7.61 
7.04 7.37 7.65 
6.60 6.92 7.00 
6.18 6.90 7.10 
7.37 7.62 7.66 
6.55 7.28 7.50 
6.55 7.28 7.50 
6.65 7.23 7.42 
7.05 7.20 7.35 
6.89 7.51 7.78 
6.28 6.70 6.90 
RANGE OF pH 
6.18 6.70 6.90 
7.37 7.62 7.78 
100 
H 
H H 
'O 't:f 
0 0 
JJ 
"" "" Ol M M Q.l Q) Q) 
~ Ill n. 
7.24 7.53 7.64 
7.05 7.50 7.66 
6.63 6.90 7.05 
6.33 6.98 7.19 
7.30 7.53 7.67 
7.19 7.38 7.48 
6.30 7.24 7.47 
6.50·1.20 7.45 
7.07 7.25 7.37 
6.87 7.61 7.70 
6.55 6.68 6.82 
6.30 6.68 6.82 
7.30 7.61 7.70 
TABLE I: pH ~alues flor each subject at each chewing speed 
30 
Sodium (mEq/1) 
Potassium (mEq/l) 
Calcium (mEq/l) 
Volume (ml) 
Sodium {mEq/l) 
Potassium (mEq/l) 
Calcium (mEq/l) 
Volume {ml) 
Sodium (mEq/l) 
Potassium (mEq/l) 
Calcium (mEq/l) 
Volume (mEq/l) 
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Resting Gland Saliva 
Standard Coefficient of 
Mean Deviation Variation 
6.494 + 4.284 66.2 
-
15.720 + 1.433 9.1 
-
2.304 + 0.414 17.9 
-
5.842 + 1.873 32.l 
-
Stimulated Gland Saliva 
Period I (Strokes/Minute) 
50 75 100 
20.24 
14.34 
1.94 
11.03 
Period II 
50 
18.17 
13.35 
1.93 
9.50 
28.88 
14.21 
2.09 
10.45 
(Strokes/Minute) 
75 
24.79 
13.37 
. 1. 92 
9.53 
30.11 
14.81 
2.11 
12.32 
100 
27.71 
13.66 
1.96 
10.04 
(%) 
Table II: summary of Concentrations 
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CHEWIN(; SPEED (STIDKES/MINUTE} 
50 75 100 50 75 100 
Period I SJDIUM Period II 
1 280 130 350 240 120 320 
2 430 1650 1350 530 1810 1260 
3 230 64 96 130 17 14 
4 170 210 270 150 190 250 
5 390 290 310 320 290 270 
6 4 88 47 4 72 33 
7 42 32 76 -30 -14 45 
8 280 640 430 250 400 330 
9 140 330 120 98 140 45 
p:; 
10 490 270 490 fil 280 460 420 
~ 11 84 110 260 22 84 120 
z POTASSIUM 
8 
CJ 1 -18 -6 -10 -43 -21 -33 fil 
IJ 
-15 -12 -18 Pl 2 -3 6 -5 
::> 
CJ) 3 -19 -13 -14 -28 -29 -29 
4 5 -3 -2 9 1 4 
5 0 -12 6 -8 -10 -6 
6 2 -16 -7 3 -19 -13 
7 -23 -16 -1 -30 -19 -6 
8 -14 -3 -2 -24 -21 -3 
9 -14 -9 -13 -14 -24 -15 
10 -7 -6 -7 -10 -2 -13 
11 -5 -6 -19 -8 -2 -24 
TABLE III: Percent differences (sodium and potassium) of 
activated g~and saliva from resting gland saliva 
determined at each masticatory rate. Decreases 
are indicated by -
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CHEWifiJG SPEED (STROKES/MINUTE) 
50 75 100 50 75 100 
Period I CALCIUM Period II 
l 5 86 87 -5 50 65 
2 -12 -17 -2 19 -13 -7 
3 -14 -25 -38 -14 -19 -31 
4 -37 -4 -37 -39 -32 -33 
5 13 -11 -13 -9 -11 -23 
6 -20 -42 -2 -12 -46 2 
7 -32 -42 -29 -39 -46 -57 
8 -30 -7 -40 -28 -15 -33 
9 -9 -18 -1 -14 -27 -5 
p:; 10 -9 -12 0 -17 -21 -20 
r:x:i 
CQ 11 -16 -8 -16 -19 0 -19 s 
z VOLUME 
8 l 150 39 250 100 22 150 tJ 
~ 2 36 73 100 27 29 63 CQ p 3 170 180 180 180 170 130 (/) 
4 26 91 92 10 68 67 
5 79 45 74 51 74 61 
6 19 36 26 24 27 35 
7 135 26 105 59 27 71 
8 183 98 87 133 75 26 
9 82 200 150 52 140 110 
10 86 76 120 55 57 71 
11 20 6 27 2 7 17 
TABLE III: Percent differences (calcium and volume of 
(cont.) 
activated gland saliva from resting gland saliva 
determined at each masticatory rate. Decreases 
are indicated by -
34 
CHEWING SPEED (STOOKES/MINUTE) 
50 75 100 50 75 100 
SODIUM POTASSIUM 
1 -40 10 -30 -25 -15 -23 
2 100 160 -90 . -9 -3. -11 
3 -100 -47 -82 -9 -16 -15 
4 -20 -20 -20 4 4 -2 
5 -70 0 -40 -8 2 0 
6 0 -16 -14 1 -3 -6 
7 -72 -46 -31 -7 -3 -5 
8 -30 -240 -100 -·10 -18 -1 
9 -42 -190 -75 0 -15 -2 p:: 
r:r.l 10 -10 30 -70 -3 4 -6 m 
~ 11 -62 -26 -140 -3 4 -5 
z ,, 
E-t CALCIUM VOLUME 
CJ 
r:r.l 1 -10 -36 -22 -50 -17 -100 
I'") 
m 2 31 4 -5 -9 -44 -37 0 
Ul 
3 0 6 -7 10 -10 -50 
4 -2 -28 4 -16 -23 -25 
5 -22 0 -10 -28 29 -13 
6 8 -4 4 -5 -9 -9 
7 -7 -4 -28 -76 1 -34 
8 2 -8 7 -50 -23 -61 
9 -5 -9 -4 -30 -60 -40 
10 -8 -9 -20· -31 -19 -49 
11 -3 8 -3 -22 0 -10 
TABLE IV: Difference in percent change = percent ·change in 
Period II minus percent change in Period I at 
each masticatory rate. Decreases are indicated 
by -
CHAPTER V 
DISCUSSION 
In this study three rates of mastication were 
studied. This was the variable that was established. Other 
factors which were evaluated were the three periods of 
saliva collection. These were the resting-gland sample, and 
two stimulated gland samples of Period I (0 - 5 minutes), 
and Period II (5 - 10 minutes). 
The pH of all stimulated gland saliva samples 
showed an increase from resting gland saliva samples {Table I). 
The pH of the samples from Period II was higher than the pH 
from Period I. The slowest masticatory rate (50 strokes/ 
minute) produced the largest range in pH values. Faster rates 
of mastication showed close grouping of pH. The increase in 
the pH with the longer duration of mastication was likely 
due to the increase in flow rate. 
The values for resting gland saliva were used as 
the baselines to calculate the changes in concentrations. 
The mean and standard deviations of the resting gland saliva 
samples (Table II) indicate that potassium and calcium sample 
values have smaller variation from the mean than do those for 
35 
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sodium and volume. The coefficient of variation for the 
resting gland sodium concentration was 66 percent. There is 
a variation in the composition of resting gland saliva between 
different subjects. Wach (1936) had similar conclusions in 
his studies. 
In all subjects and at all rates of mastication, a 
greater salivary volume was produced by st~mulated saliva 
glands than by resting saliva glands. Figure 2 shows the 
percent increases from resting saliva. It shows increases 
from 2 to 250 percent. In this study paraffin wax was used 
as a stimulus. The presence of a bolus in the mouth very 
likely stimulated some receptors which were probably in the 
periodontal membrane. It was possible that if some other 
type of mechanical stimulus had been used that similar results 
would have resulted. Apparently, the increased rate of 
mastication was reflected in a greater saliva volume. 
There was a tendency for saliva volume to be smaller 
in Period II than Period I. This is probably due to fatigue 
of the salivary gland. There was a greater decrease during 
Period II in saliva volume for the chewing rate of 100 strokes 
per minute than at 50 strokes per minute. The amount of 
saliva produced by the same individual at different rates 
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tended to be greatest at the fastest chewing rate. There was 
a statistically significant mean difference when the saliva 
volume produced at 50 strokes per minute and 100 strokes per 
minute during Period I were compared. The human mixed saliva 
glands produced a greater volume of saliva at faster 
masticatory rates. This was seen especially during the first 
minutes of stimulation. 
The sodium concentration increased when the saliva 
gland was stimulated. There was a statistically significant 
mean difference when the sodium concentration at 50 strokes 
per minute and 100 strokes per minute were compared. The 
sodium concentrations increased as the masticatory rate in-
creased. 
As shown above, the response to a rapid masticatory 
rate was a high level of sodium in saliva. Sodium, it should 
be remembered, was a main ion of the extracellular fluid. 
The acinar primary secretion may have high levels of sodium 
chloride. It was believed that the absorption of sodium 
chloride occurred in the striated salivary ducts. There was 
secretion of potassium at the same time into the saliva. 
There .was greater absorption of sodium along the duct when 
the rate of salivary flow was slow. Therefore it would seem 
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reasonable, that with rapid masticatory stimulation less 
absorption of sodium would take place. An increase in salivary 
sodium concentration would result. The saliva sodium concen-
tration, like the saliva volume, decreased from Period I to 
Period II. As the rate of saliva flow decreased, the saliva 
sodium concentration decreased as there was more sodium 
resorbed by the striated saliva ducts. 
The potassium and calcium concentrations in the 
saliva generally decreased when the gland was stimulated. 
(Figure 1) As salivary flow increased, less potassium was 
secreted into the saliva by the striated ducts. Potassium 
concentrations decreased more at the mastication rates of 
50 and 75 strokes per minute than during 100 strokes per 
minute. Furthermore, the potassium concentration continued 
to decrease during Period II. The mean difference for 
potassium, when comparing the chewing rates of·50 and 75 
strokes per minute during Period II, was statistically signif-
icant. It would seem that faster masticatory rates showed a 
greater decrease in concentration of potassium than do slow 
masticatory rates. 
Calcium concentration decreased with stimulation. 
This decrease in calcium concentration in whole human saliva 
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with increased saliva flow may be the result of a lower 
concentration of calcium in the parotid gland than the sub-
mandibular gland. With stimulation and increased salivary 
flow, the proportion that came from the parotid gland 
increased. Calcium concentrations did vary with changes in 
the masticatory rates. The·re was more fluctuation with 
changes in masticatory rates than was found for sodium and 
potassium. Comparison of calcium concentration at difference 
masticatory rates were statistically insignificant. 
In this study, three masticatory rates were studied. 
At all three masticatory rates the stimulated saliva samples 
had a greater volume and a higher pH than did the resting 
saliva samples. There was a tendency for the sodium concen-
tration to increase and for the potassium concentration to 
decrease, as the masticatory rate increased. The calcium 
concentration was reasonably stable as the masticatory rate 
increased. 
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CHAPTER VI 
SUMMARY AND (X)NCLUSIONS 
A study was done to determine whether the rate of 
mastication has any influence on the concentration of sodium, 
potassium, and calcium as well as on the rate of secretion 
and changes in hydrogen-ion in saliva. 
Eleven male subjects provided saliva samples at 
three different sessions. A different rate was used at each 
session. The samples were analyzed. 
follows: 
The conclusions of this study may be summarized as 
1) In all subjects and at all rates of mastication, 
a greater salivary volume was produced by stim-
ulation of the salivary gland than that produced 
by the unstimulated gland. There was a tendency 
for salivary volume to be smaller for Period II 
than for Period I. 
2) The pH increased with time in all subjects at 
all rates of mastication. 
3) Essentially for all subjects the concentration of 
sodium increased with stimulation of the salivary 
46 
gland. The percent increase from resting 
salivary values was greater during Period I 
than Period II. 
4) In most subjects, the potassium and calcium 
concentration in saliva decreased when the 
salivary gland was stimulated. The percent 
decrease from resting salivary values was 
greater during Period II than Period I. 
5) Sodium concentrations usually increased, 
potassium concentrations generally decreased, 
and calcium concentrations remained stable as 
the masticatory rate increased. 
47'. 
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APPENDIX 
MASTICATORY RATES 
50 vs 75 50 vs 100 75 VS 100 
s:>DIUM 
Period I 0.05<P<0.10 P<0.01 0.05(P<0.010 
Period II 0 • 05< P< 0. 10 0 .05<P<0.10 0.40<P 
POTASSIUM 
Period I 0.05<R<0.10 0. lO<P<O. 20 O.lO<P<0.20 
Period II O.Ol<P<0.05 0.05<P<0.10 0.30<P<0.40 
CALCIUM 
Period I 0.40<!: 0.20<P<0.30 0.30('P<0.40 
Period II o. 30<R<O. 40 0.30<P<0.40 0.30(P<0.40 
VOLUME 
Period I 0. lO(P<O. 20 P<0.01 0. lO<P<O. 20 
Period II o.40<R O.OS<P<0.10 0.40Q 
TABLE V: Tests for level of significance for the mean 
differences as determined by the paired-t test. 
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